In a previous report (Oyenuga & Opeke, 1957 ) the nutritional and economic importance, real and potential, of cassava root (Manihot utilissima Pohl) to man and in livestock production in Nigeria was stressed. Cassava is not only the most widely grown vegetable in Nigeria (it accounted for nearly 50% of the total root crops produced in the country in I~~o -I ) , it is also the most productive farm crop, yielding edible nutrients equivalent to an average of over 13 million kcal/acre compared with 9 million from yam (Dioscorea sp.), I million from guinea corn (Sorghum vulgare Pers.) and I million from maize (Zea mays L.). It is therefore the cheapest source of calories for man and livestock in the country.
Metabolic cages
In both experiments the animals were kept and fed individually in wooden metabolic cages (Pls. I , 2). Each cage, designed by me, is 5 f t 6 in. long, 3 f t wide and 4 ft high, and is raised on wooden pillars about 9 in. from the ground. It is made of wooden frames surrounded on all sides by expanded metal mesh, 3 in2, permitting the good circulation of air essential in this tropical environment. The door of the cage opens on one side, enabling the pig to go in and out when required; on the side opposite to the door is a wooden trough for food and on the left side another for drinking-water. Both troughs can be opened from outside the cage for filling and cleaning and are so constructed as to reduce to a minimum scattering of food and splashing of water when the pig is eating or drinking. All parts of the cage accessible to the pig, including the troughs, are lined with aluminium sheeting to prevent the pigs from biting the wood. 
41-0

Mean
45'5
The floor of the cage consists of two removable trays of closely knit wire mesh reinforced with strong expanded metal grid. They can be withdrawn for collection of faeces and for cleaning, and replaced at will. This floor retains effectively all faecal matter but permits the urine to drain freely on to the aluminium tray below. The latter is sloped so as to allow easy drainage to its funnel-shaped tube at the centre. The tube is connected by rubber tubing through a hole bored in the lid of a closed bucket in which the urine collects. The compact, solid cage is large enough to house a pig
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weighing up to about 300 lb and at the same time light enough to be moved from place to place. The cages were housed in a shed with a concrete floor and walls 3 ft high. The aluminium roof was raised 1 2 f t above the floor and the whole shed was open and cool. It was surrounded with ditches filled with water to prevent ants and snakes from entering it. For Pls. I and 2 the cages were photographed outside the shed.
Diets, feeding and management
Particulars of diets A, B and C used in Expt I are given in Table 2 . The cassava for diet B was boiled, that for diet C was unboiled. On the wet-weight basis, three times as much cassava as guinea corn was used to equate their dry-matter contents. The blood-meal mixture, which was the only source of animal protein, consisted of equal parts of abattoir blood and coarse rice bran, the protein content being 34% (Oyenuga, 1955) . The mineral mixture consisted of: crushed oyster shell 50, crushed bone 25 and common salt (NaC1) 25 yo. Particulars of the diets used in Expt 2 are shown in Table 3 . The cassava roots in diets D I and D2 were raw, those in diets E I and E 2 were boiled. The moisture contents of the component parts of this diet were determined and were taken into consideration in mixing the diet in the proportions shown in I n both experiments tap water was supplied ad lib. All pigs were given palm oil at the rate of 4 02/16 lb mash, equivalent to 1.6% of the diet.
The amino-acid composition of the protein in the diet given in the first period in Expt I and in both periods in Expt 2 was assessed from the tables of Harvey (1956) . The amino-acid composition of palm-kernel meal is not given in the tables; hence the amino acids from this source were not included in the assessment. The values obtained were compared with the amino-acid requirements of weanling pigs as summarized from three different sources by Evans (1958) in his table 3. This comparison showed that all the diets contained the necessary amino acids (with the exception of methionine, in which groundnuts are deficient) in sufficient amounts to support the growth of the pigs. The amount of methionine appeared to be suboptimal, even when account was taken of the quantity of cystine in the diet. This picture does not necessarily mean that the diet was deficient in methionine (and cystine) since information about the amounts of these acids contributed by the protein of palm-kernel meal was not available.
I n both experiments the animals were fed thrice daily. The quantities of food given were adjusted weekly according to age, weight and appetite. After each feed the uneaten mash was collected and weighed and its weight was deducted from that of the amount given. I n this way the total weight of food consumed by each animal in the experimental period was calculated.
T h e animals were weighed once a week before the morning feed. Experiment I T h e live-weight gain and efficiency of food conversion of the pigs was studied.
Experiment 2 I n addition to live-weight gain and efficiency of food conversion, the metabolism of N, Ca and P was studied in all the pigs during the growing and early fattening period in trials of 14 days' duration by the balance technique. The trials were begun when the animals had been 10 days on the cassava diet, having attained a mean live weight of 52 or 5 4 5 lb. The diet was sampled and analysed weekly for its content of N, Ca and P. T o ensure efficient collection, the faeces were collected, as they were passed, into the appropriately labelled covered bowl. The collection from each pig was weighed and thoroughly mixed each morning. A 150g representative sample was then taken and dried at 80" in a large air-circulating drying oven in the laboratory.
At the same time a further sample of 20 g fresh faeces was taken for dry-matter
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N was determined by the Kjeldahl method. Ca and P were precipitated as the oxalate and molybdate, respectively, and determined volumetrically. Details of the methods have already been described (Oyenuga, 195 I) .
R E S U L T S
Live-weight gain The results are given in Table 4 (Expt I ) and Table 5 (Expt 2). All the animals in both experiments gained weight satisfactorily until they had reached porker stage (105 lb in Expt I and 128 lb in Expt 2). The pigs on the cassava diets gained weight more rapidly during this period than those on the cereal diet, there being little to choose between the diets with raw and boiled cassava at this stage of the pig's growth. The differences in live-weight gain between the animals of different groups, however, A, Guinea-corn diet; B, boiled-cassava diet; C, raw-cassava diet.
were not statistically significant, nor were they so when the weight gain was expressed as a percentage of the initial live weight. This result is in agreement with that previously obtained in a similar investigation (Oyenuga & Opeke, I957), except that in the previous work the raw cassava resulted in a slightly higher growth rate than the boiled. I n Expt 2 of the investigation described now the weight of evidence appears to be in favour of raw cassava for young growing pigs.
The mean daily live-weight gain of the animals during the baconer stage was very low, particularly for the cassava-fed pigs (1.05 lb), being lowest for those given the raw-cassava diet. The animals on the boiled-cassava diet in Expt I grew somewhat faster than those on the cereal diet. The pigs on the boiled-cassava diet attained 200 lb live weight in 96 days from the beginning of the experiment and in 191 days from birth. The pigs on the guinea-corn diet did not reach 200 lb live weight until Ioj days from the beginning of the experiment and 200 days from birth; those on the raw-cassava diet attained the same weight in 123 days from the beginning of the experiment and 228 days from birth. Table 6 shows the mean live weight and live-weight gain of the baconers during the finishing stages. It will be observed that, whereas the animals fed on the boiled-cassava diet in Expt I had increased their initial live weight about 2.6 times, those on the raw-cassava diet had only doubled theirs. I n Expt 2 , however, the pigs fed on the raw-cassava diet had gained more weight at the 26th week of experiment than those on the diet with boiled cassava.
When the cumulative live-weight gains of the baconers (Expt I ) were examined by analysis of variance, the live-weight gains of the pigs on the boiled-cassava diet at the 13th week of the experiment were found to be statistically superior at the I % level of significance to those of the pigs on the raw-cassava diet.
Eficiency of food utilization
The results are summarized in Table 4 (Expt I ) and Table 5 (Expt 2 ) . The animals differed in the amount of food they consumed. In Expt I the amount of food eaten was greatest (783 lb) for the group on the raw-cassava diet, next greatest (744 lb) for that on the guinea-corn diet and least (595-3 lb) for that on the boiled-cassava diet. However, in terms of lb meal consumed per lb live-weight gain, the animals given cassava utilized their food more efficiently during the porker period than those on the guinea-corn diet. There was very little to choose at this stage between raw and boiled cassava from the point of view of efficiency of conversion. Expt 2, however, seemed to indicate that growing pigs utilized the food somewhat more efficiently when the cassava was raw.
During the second period, however, the pigs on the boiled-cassava diet proved the most efficient, followed by those on the guinea-corn diet. The pigs on raw cassava showed a low conversion efficiency at this stage, owing probably to the high proportion of raw cassava in the diet and also to a lower rate of live-weight gain of the baconers.
Nitrogen balance
Detailed results of individual N balances during the period of growth in Expt 2 are assembled in Table 7 . All the pigs gained weight satisfactorily during the 14-day trial, those on the raw-cassava diet gaining rather more than those on the boiledcassava diet ( 1 . 3 as against 1.2 lb/day). The animals on the diets D I and 0 2 with mineral mixture X also gained more weight than those on the diets EI and E z with the iodized I.C.I. mineral mixture Y. There were no appreciable differences in the amount of N retained daily by the two groups. Therefore boiling the cassava did not appear to lead to better retention of N in the growing pig. The animals given mineral mixture X retained more N than those given mineral mixture Y. The amount of N retained by the pigs was fairly high, owing probably to the large amount in the diet. Protein digestibility was also high. More N was excreted in the urine than in the faeces.
Calcium balance
Details of the Ca balances of the individual pigs are summarized in Table 7 .
The Ca content of the tap water was disregarded. The Ca intake of pigs on the boiledcassava diet was higher than of those on the raw-cassava diet. The animals given the boiled-cassava diet retained nearly 70% more Ca daily than those given the rawcassava diet. Boiling the cassava thus seemed to increase the apparent availability of w w P Ca. There was no consistent difference in the intake and retention of Ca by the pigs on the diets containing the mineral mixtures X and Y. The quantity of Ca retained was related to that consumed. Higher intake led to higher retention. Much more Ca was excreted in the faeces than in the urine.
Phosphorus balance
As with Ca, intake and retention of P (Table 7) were higher on the diet containing boiled cassava than on that in which the cassava was raw, and the increased availability of P led to an increase in retention to about 60%. Unlike with Ca, however, the animals given mineral mixture X retained much more P than those given mineral mixture Y , owing to the higher P content of the diet.
The results also confirm that faeces are the main channel for the excretion of Ca and P and that only very small quantities are excreted in the urine.
D I S C U S S I O N
It would appear that fresh cassava root, included as the main source of carbohydrate at a level not exceeding 42% of the dry-matter content in an otherwise adequately balanced diet, is capable of supporting a satisfactory rate of weight gain in young pigs (Expt 2). Boiling the cassava has no beneficial effect for young pigs and may even lead to a slight reduction in rate of weight gain (Oyenuga & Opeke, 1957) . In Expt I , in which the cassava content of the diet was 52% of the dry-matter content, weight gain was not as rapid as in Expt 2 in which the content of the diet was 42%, although it was higher than on the cereal diet. When the content of cassava in the diet was raised to 55 yo of the dry-matter content (period 2 of Expt I), weight gain was retarded, and when cassava was included at a level of 60% it was slower still. For example, at the higher level of cassava (up to about 55 % of the diet), weight gain was significantly better when the cassava was boiled. When, however, the proportion of boiled cassava in the diet was raised to 60 yo of the dry-matter content, weight gain was appreciably reduced. The cassava diet also appeared better utilized than the guinea-corn meal.
Generally the pigs utilized their food more efficiently during the porker than during the baconer period. It was to be expected since the maintenance requirement increases as the animal grows bigger. The pig's efficiency also declines as it grows heavier and older since at the heavier (or bacon) weight the increase in fat is greater than that in flesh or water. As the amount of energy required to lay down I Ib fat is greater than that required for I lb protein, it follows that the amount of energy required per unit live-weight gain would also increase. Expt 2 would also appear to show that inclusion of cassava up to a level of 60% of the diet tends to lower the animal's efficiency to convert the meal into edible carcass, particularly when the cassava is raw.
These investigations, therefore, support results previously obtained, namely that young growing pigs tend to gain weight faster on a diet containing cassava as the main source of carbohydrates than on cereal diets. The decline in the rate of weight gain that occurred in fattening pigs was due, in all probability, to the high proportion of cassava in the diet. For raw cassava root, a level of about 42% of the dry-matter content of the diet would seem to be about optimal for growing pigs. If the level is raised to 50 yo the cassava should be boiled. A level of 60 %, even of boiled cassava, may result in unsatisfactory weight gain.
At the 42% level a somewhat better retention of N (about 51 yo of intake) was obtained with raw cassava than with boiled (50% of intake) ( Table 7) . The animals on the raw-cassava diet retained on average 17 g N/day, whereas those on the boiledcassava diet retained 15 g/day, which tends to show that the better weight gain of the pigs given raw cassava may have been due to better N retention. However, the digestibility coefficient for protein in the diet was greater (84%) when the cassava was boiled than when it was raw (81y0), though the animals on the raw-cassava diet voided a smaller proportion of N in the urine (30 %) than those on the boiled-cassava diet (36%). The greatest advantage of boiling the cassava was its effect on the utilization and apparent digestibility of the Ca and P in the diets. The animals fed on the raw-cassava diet excreted in the faeces about 40 % of the ingested Ca, those on the boiled-cassava diet only about 25 yo. A greater proportion of the Ca in the raw-cassava diet, therefore, would appear to be unavailable for absorption. As a result, only about 53% of the ingested Ca was retained on the raw-cassava diet and about 67 % on the boiledcassava diet. Similarly, the proportion of P apparently unabsorbed and therefore excreted in the faeces of the pigs given the raw-cassava diet was about 55 yo, and of those on the boiled-cassava diet it was only about 35%. The proportion of the ingested P retained was 43.6 yo on the raw-cassava diet and 63-5 yo on the boiledcassava diet.
It is noteworthy that the Ca : P ratios of the diets ingested or apparently absorbed (Table 8 ) by the two groups of pigs were not appreciably different; also the quantities ingested and apparently absorbed were adequate and there was no reason why the vitamin D content of the two diets should be dissimilar. Such factors, therefore, could not have been responsible for the differences obtained in the net absorption figures.
The results would seem to indicate that boiling cassava may tend to increase the digestibility, true and apparent, and therefore the availability to the animal, of the N, Ca and P of the diet. It follows that the higher the proportion of raw cassava in the diet the lower will be the digestibility coefficients for these nutrients, and in all probability it is this effect that tends to lower the nutritive value of diets containing a high proportion of raw cassava and leads to low rates of weight gain of pigs fed on diets containing more than 50% raw cassava on a dry-matter basis.
The deductions, however, are complicated by the well-established fact that in all animal species faeces contain unabsorbed as well as metabolic and endogenous Ca and P, hence the amounts of these elements in the faeces are no true indication of digestibility. Maynard & Loosli (1956) stated, however, that the distribution of Ca and P between the faeces and the urine varies with the species of animal and is to some extent influenced by such factors as age and diet. There is not much information on the channels of Ca and P excretion of the pig. It may be that this species, and under the experimental conditions described, excretes in the urine an appreciable proportion of the absorbed and already utilized Ca and P. What proportion of the Ca and P found in the faeces is endogenous and metabolic is, however, not clear. Much further work on this aspect, and also on the manner in which ingestion of much raw cassava affects the availability of N, Ca and P in the pig's diet, seems necessary.
S U M M A R Y
I. In Expt I nine home-bred pigs were fed individually in metabolic cages on well-balanced diets having as the main source of carbohydrate guinea corn in group A, boiled cassava in group B and raw cassava in group C. Live-weight gain and efficiency of food utilization in the different groups were measured. I n Expt 2 growing pigs were given a balanced diet with either raw or boiled cassava as the main source of carbohydrate. Live-weight gain and efficiency of food conversion were measured and the metabolism of nitrogen, calcium and phosphorus was studied in balance trials lasting for 14 days.
2. Gain in weight and food utilization were better on the diets containing cassava than on that with guinea corn. With young pigs, raw cassava gave somewhat better results than boiled cassava if the amount in the diet did not exceed 42% of the drymatter content, but when the level was about 50 yo of the dry-matter content weight gain was not satisfactory unless the cassava was boiled. Cassava, even when boiled, included as 60% of the diet resulted in unsatisfactory weight gain.
3. Raw cassava at a level of 42% of the diet also tended to lead to better retention of N than did boiled cassava, which in all probability accounted for the slightly better live-weight gain of the pigs given the raw-cassava diet. However, the protein of the feed was better digested when the cassava was boiled than when it was raw. The diet containing the raw cassava seemed to have led to an appreciable reduction in apparent digestibility and in the net absorption of Ca and P.
4.
It is suggested that the greater the quantity of cassava included in the diet the lower is the availability of the dietary N, Ca and P to the pig, a fact which may be partly responsible for the poor live-weight gain of the pigs fed on a diet containing a high proportion of cassava root.
